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ANOTHER NOCTILUCENT CLOUD AT 41.7ºN
Joshua P. Herron and Vincent B. Wickwar
Utah State University, Center for Atmospheric and Space Sciences, Logan UT

Abstract
On June 23, 1995, a noctilucent cloud (NLC) was
detected with the Rayleigh-scatter lidar at the
Atmospheric Lidar Observatory (ALO) on the campus
of Utah State University (USU) located in Logan, UT
(41.7° N 111.8° W). This observation preceded, by four
years, the one from 1999 that was previously reported
[Wickwar et al., 2002]. These are both important
because of their occurrence significantly equatorward
of 50° latitude. The NLC was observed for 45 minutes
shortly after local midnight. This was well past the
twilight period when NLCs are visible to the naked eye.
Several parameters of the NLC were measured by the
lidar and are similar to those from the NLC
observations in 1999. This NLC was approximately 1.5
km higher. Temperatures were measured in the
surrounding region and, because of wave activity, were
found to be significantly cooler than the climatological
mean.

Introduction
Noctilucent clouds are typically considered to be
high latitude phenomena, but these measurements at
41.7°N are 8° equatorward of previous observations.
They consist of ice particles that have formed at ~83 k.
For a NLC to form there must be a significant amount
of water vapor and cold temperatures. Water vapor in
the mesosphere is not transported from below, but
comes from oxidation of CH4.
The importance of
detecting these NLCs is the concern that the
appearance of NLCs at lower latitudes may reflect
global change.
This could arise from colder
temperatures because of increased CO2 and/or more
H2O vapor because of oxidation of increased CH4 and
subsequent chemical reactions. These effects could
lead to more frequent observations at higher latitudes,
but this is hard to unambiguously document. The
appearance at lower latitudes may be a more
significant indicator.
Since 1989 NLCs have been observed at higher
latitudes with both resonance and Rayleigh-scatter
lidars. The lidar observations of NLCs are able to
determine their altitude, altitude variations, and
thickness. They have also been able to determine the
particle density and, to some extent, size.

At polar latitudes the visible NLC season is
limited by strong solar background, and at lower
latitudes by the brief twilight period.
This ALO
detection shows the usefulness of lidar for detecting
NLCs outside of their visible period.
Backscatter Ratio from June 23, 1995

The most noticable differences between the
two NLCs is the difference in the altitude ranges
and the higher backscatter ratio of the 1995
NLC. The values for both the altitude and peak
backscatter are given in Figures 4 and 5.
Peak Backscatter Altitudes

Figure 7, Temperature differences between the hourly temperatures
from June 23, 1995, (Figure 6) and the mean June temperatures from
the climatology.

Figure 1, Backscatter Ratio, R, calculated for June 23, 1995.
The
backscatter ratio is >1 when Mie scatter is present. The background
Rayleigh profile was taken from later in the morning when there was no
NLC present in the lidar returns.

During the night of June 21/22 the lidar was
operated from shortly before midnight until dawn. We
assume that since no visual observation was made that
it wasnʼt present at dusk when it would have been
visible to the naked eye. The main body of the NLC
lasted for approximately 45 minutes. Just before 3 a.m.
there is a region of enhanced scatter that may be
another part of the cloud that was transported into the
field of view of the lidar.
The first detection of a NLC that was reported from
the ALO lidar occurred during June 23, 1999. This NLC
was observed visually (Figure 3) on the 22nd and the
23rd and with the lidar on the 23rd. The lidar had been
disassembled during the day on the 22 nd for
maintenance and wasnʼt operational on the 22nd until
well after local midnight. The cloud didnʼt return that
night but did the following night, Figure 2.

Figure 5, Peak altitude for both NLCs

To better understand the reasons for the
formation of these NLC it is necessary to look at
the temperature information.
To deduce
temperatures from the lidar returns, we need
Rayleigh-scatter from molecules. If Mie scatter is
present in the return profiles, then a correct
temperature profile cannot be determined. For the
1995 data there was sufficient signal above the
NLC for a fourth order polynomial to be fit to the
data to replace the region of the NLC.

The difference profiles from Figure 7 show the
downward progression of a wave. This large wave may
be the cause for the formation of the NLC at these low
latitudes by providing the addition cooling required. The
temperature profiles from 1999 were limited to below
the NLC but also show significant wave activity, Figure
8.
Temperature difference from June Mean for 1999 NLC

Temperatures from June 23, 1995

Backscatter Ratio from June 23, 1995

Figure 8, Temperature differences between the hourly temperatures from
June 23, 1999, and the mean June temperatures from the climatology.
The maximum altitude was limited to below the NLC.

Observations
The lidar observations were carried out with the
Rayleigh-scatter lidar at ALO. The system has a power
aperature product of 2.77 W-m2 consisting of a Nd:YAG
operating at 30 Hz at 600mJ per pulse at 532 nm and a
44-cm diameter Newtonian telescope. The divergence
of the laser is <500 µrad, the horizontal spot size, or
resolution, is <41 m at 82 km altitude. The range bins
are 250 ns in length, which correspond to 37.5 m in
altitude, and the data can be averaged over any
multiple of 37.5 m. The sampling time is 2 minutes and
the data can be averaged over any multiple of 2
minutes.
During the early morning of June 22, 1995, good
data were obtained from a NLC. This detection has
been shown in terms of the backscatter ratio in Figure
1. The backscatter ratio, R, is one for pure Rayleigh
backscatter βr and is greater than one where Mie
scatter βm is present. The larger Ice particles of a NLC
have a much greater backscatter ratio than O2 and N2
which are the primary scatterers for Rayleigh-scatter
lidars
βm + βr
R=
Equation 1, Backscatter Ratio
βr

Temperature difference from June mean for 1995 NLC

Conclusions
Figure 6, Hour temperature profiles from June 23, 1995. Each
curve is offset from the previous by 20 K.

Figure 2, Backscatter Ratio, R, calculated for June 23, 1999.
The
backscatter ratio is >1 when Mie scatter is present. The background
Rayleigh profile was taken from later in the night when there was no NLC
present in the lidar returns.

The 1999 NLC was observed early in the night
starting at 10:15 and lasted for approximately 1 hour.
The backscatter ratios shown in Figure 2 are slightly
greater than those reported in Wickwar et al. [2000]
due to different averaging.

All of the temperature profiles in Figure 6
show a cool region at ~83 km with a minimum
temperature <150 K.
When these hourly
temperature profiles are compared to the June
mean temperature we see that the temperatures
were on average ~20 K cooler than the
climatalogical mean, Figure 7.
This occurs
because of the presence of a large wave in the
temperature.

The two NLCs observed with the ALO lidar
agree well with the observed characteristics of
NLCs elsewhere and show that NLCs are now a
mid-latitude phenomena. While the presence of
these NLCs appears to be due to wave activity
instead of mesospheric cooling, the combined
effects of low temperature and wave activity may
both reflect global change.
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The first step in calculating the backscatter ratio is
to define the Rayleigh-scatter returns. The returns from
the lidar have a relatively small enhancement when an
NLC is present. The returns without this enhancement
are averaged to produce a mean Rayleigh-scatter
profile.

This observation was well past the twilight
period when NLCs are visible to the naked eye.
This is most likely the reason why the NLC was
not discovered earlier but was only found through
scanning the 10-year lidar database for NLCs.

Figure 4, Peak backscatter ratio for both NLCs.

Figure 3, Panoramic photograph of NLCs from Logan, Utah, at 10:30 p.m. MDT on 22 June 1999 MDT. The
photograph by one of the authors (M.J. Taylor) was obtained using a Minolta SLR fitted with a 50 mm, f/1.7 lens,
and Kodak 100 ASA color film exposed for ~10 seconds. [Wickwar et al., 2000]
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